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@ Sampling frequency converting device and memoiy address control device. 

(57) A sampling frequency converting device is disclosed. A memory unit stores an input, signal Dgi having 
an input sampling frequency Fsi. An interpolation unit Interpolates the readout signal from the storage 
unit A sampling frequency ratio detection unit detects the current sampling frequency ratio R^ between 
the input sampling frequency Fsi and the output sampling frequency Fso and detects a new sampling 
frequency ratio R„ new- based on the current sampling frequency ratio and a past detected value R^.^ 

. preceding the current detected value by one detection period. A control , unit having the sampling, 
frequency detection unit controls the storage unit and the interpolating .unit from, the new sarnpling 
frequency Fatio Rn NEw- Since the present sanripling frequency converting device is hot susceptible to 
accumulation of re-sampling time address ennors even If the. sampling frequency ratio continues to be 
changed for a pre-set time duration, ttie capacity of the* storage unit is not increased, while tfiere is no 
necessity of restricting Uie speed or amount of change in the sampling frequency ratio. 
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BACKGROUND OF THE IIWENTION 

This invention relates to a sampling frequency converting device for converting the sampling frequency 
of input signals into an arbitrary sampling frequency by re-sampling, and a memory address control device 
5 for controlling the address used when reading out data from a memory unit. 

Recently, digital audio signal reproducing devices for transmitting audio signals over an optical cable or 
a coaxial cable as digital signals and reproducing the digital audio signals via a digital audio interface have 
become popular. With such digital audio signal reproducing devices, a phase locked loop (PLL) made up of a 
phase comparator and a voltage controlled oscillator (VCO) is employed for generating clocks from received 
10 digitial audio signals. However, with such digital audio signal reproducing device, digital/ analog (D/A) conver- 
sion characteristics tend to be lowered due to jitter introduced by the VCO in the PLL Consequently, with a~ 
device for reproducing a digital audio signal recording mediurh, such as a compact^disc (CD) piayerora digital 
audio tape (DAT) player, there are occasions wherein satisfactory distortion-free audio signals niay be pro- 
duced by converting the digital audio signals into analog audio signals by D/A conversion using quartz clocks 
15 arid'the resulting ahaiog audio signals are subsequently transmitted. 

On the other hand, with a recording medium acting as a source for digital audio signals, such as CD, an 
optical disc smaller in size than CD, DAT pr a digital audio tapesmaller in size than DAT, this sanipling frequency 
during recording of digital audio signals is notunified and may be any one of 44,1 kHz} 48 kHz or 32 kHz. VVith 
satellite broadcast (BS) wtiich is not a recording mediurn but acts as a source for digital audio sighal^^^^^^^ 
20 pllhg' frequency hriaybe^ one of the aboye^iven sampling frequencies. Cohsequientlyi for record^^ 

digital aiidip signaikf roiri ppticaLdisc with the sampling frequency of 44v^i>kHz^ 

. the^digital audio signals fro^nni DATpr BS with the samplingfre intpahalbg 
' signals by D/A conversion and subsequently re-converted into digital audio signals with the sampling frequency 
of 44.1 kHz by analog/digital (A/D) conversion, thus inevitably prdducjng deterioration in characteristics due 
25 to distortion. 

On the .other handj in mixingrrecqrding . digital audio signals using a DAT, res^ 
to be mixed need to be converted into analog signals before proceeding to mixing if the different digital audio 
signals differ m the sampling frequency or in synchronization methods. . ^ 

For preventing deterioration in playback digital audio. signals due to deterioration in performance due to 
30 clock jitter br difference in sampling frequencies for realizing free sampling frequency convisrsion, it has been 
. desired to develop a non-synchronization type sajTipling frequency conversion device. . \ 

In general,:such samplingfrequency converting device exploits re^samplihg.timei addresses for specifying 
re-sampling~ppints for rersampling a sigriial entered at a sampling frequency Fsi with a sampling frequency of 
Fso- Ttiese re-sampling time addresses are generated in dependency uppiji thei ratio 6f the sampH^ frequency 
35 ^ ,of input s ig nals (in put sampling frequency)'Fsi to' the.sampling frequency of re^sarn pled signals (output sariipl ing 
' frequericy) Fso- ^ ; ^ • / f - • ; 

In general, the present sampling frequency cohvert^^ device employs the re-sampling time addresses 
for specif ying'the re-sarhpling pints for fe^sampling the input signaj.1iaying:the sam^ frequency iF^i.. Jhe 
re-samplirig time addresses are generated dependinig on 
40 (input sampling frequency)'Fsi arid the sampling frequency of re-sampled signals (output isamplihg frequency) 

Fso. - ^ • ' : 

Specifically, the period t (= N-Jso) equal to N times the period of thei output.sampling frequency Fso (output 
sampling frequency) is counted with. in put referencie clocks equal to^M times the input sampling frelquency Fsi 
(input master clocks) or MCKi (= M-Fsi) to find the sampling frequency ratio R between the input sampling fre- 
45 quency Fsi and the output sampling frequency Fso, at.the same time as jitter comppnentis such as Fsi, MCK|Or' 
F$o are removed on averaging. The sampling frequency ratio R and the re-samplihg time are cumulatively add- 
ecl together to generate the re-sampling time address. The re-sampling points stored in the re-sampling bufiFer 
niemory are read out in accordance with the re-sampling time addresses for converting the sampling frequen- 
cy- ' ' . ' ■ ^ ■ . ' 

so Meanwhile, for such application in which the Input sampling frequency F,| or the output sampling frequency 

Fso are changed, there arises the inconvenience that.an error tends to be transiently produced between the 
value of the sampling frequency ratio R and the actual ratio of f^Fso- 

Consequently, high-precision conversion is realized under a condition of the constant input sampling fre- 
quency Fsi or the constant output sampling frequency F^o. 

55 In addition, if the sampling frequency ratio continues to be changed for a pre-set time, the r -sampling 

time address errors tend to be accumulat d under the effect of the t mporat difference. AR of the sampling 
frequency ratio shown in Fig.1 , such that the buffer memory capacity is exceeded, thus leading to limitations 
imposed on the speed and amount of chang of the sarhpling frequency ratio or to increased buffer memory 
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capacity. 

On the other hand, it may be felt that the re-sampling time address resolution may be Improved by increas- 
ing the frequency of the input master clocks MCK| without the necessity of increasing the detection period t. 
However, in such case, the problem of limitations imposed on'the operating speed of the circuit such as coun- 
5 ters or of absorption and removal of Input clock jitter. Thus it has not been possible to prevent errors from being 
accumulated by simply increasing the frequency of the Input master clocks MCK|for improving the re-sampling 
time address resolution, although the errors may thereby be reduced. 

In addition, if, for performing frequency conversion with the above-described sampling frequency convert- 
ing device, the power source is turned on, signal input/output is changed over, the noise Is mixed or the in- 
fo put/output sampling frequency is rendered variable, the data write address for writing data in the re-sampling 
buffer memory or the data readout address for reading out data from the buffer memory approach or cross 
over each other, thus producing a non-continuous noise from the sampling frequency converting device. 

For stabilizing the sampling frequency converting operation, it is necessary to initialize the memory read- 
out addresses so that the absolute value of the difference between the write address and the readout address 
15 of the rie-samplihg buffer memory reaches its maximum value after stabilization of the operation of sampling 
frequency ratio detection for detecting the sampling frequency ratio. However, the Initialization of the memory 
readout addresses is an operation difficult to achieve and signal interruption or noise tend to occur during the 
converting operation. 

20 OBJECTS AND SUMMARY OF THE INVENTION ^ 

It is an object of the present invention to provide a sanripling frequency converting device which resblv^ 
the above problems. 

It Is another object of the present invention to provide a sampling frequency converting device which is 
25 capable of eliminating the initializing operation during power on, signal input/output changeover, noise or va- 
riable input/output sampling frequency, and also of preventing signal interruption or noise during the converting 
operation. 

. in one aspect, the present invention provides a device for converting the sampling frequency of an input 
signal into an arbitrary sampling frequency, comprising storage means for storing the input signal. Interpolation 

30 means for interpolating the signal read out from said storage means, and control means for generating a first 
sampling frequency ratio between the sarnpling frequency of the input signal and the arbitrary sampling fre-. 
quisncy and a second sampling frequency ratio between the sampling frequency of the input signal and the 
arbitrary sampling frequency based on the first sampling ratio for suppressing jitter components and for per- 
forming sampling frequency conversion. The control means generates a control signal for controlling the ad- 

35 -dress signal of the storage means and the interpolation factors of the interpolation means and for effecting 
sampling frequency conversion by controlling the storage mans and the interpolation means based on the gen- 
erated addriessslgharand the control signal. • / ' ' . ■ 

In another asiaect, the present invention provides a device for converting the sampling frequency of an 
input signal into an arbitrary sampling frequency, compriising storage means for storing the input signal, inter- 

40 poliatlbn means for interpolating the signal read out from the storage means, sampling frequency ratio detection . 
means for detecting the sampling frequency ratio between the sampling frequency of the input signal and the 
arbitrary sampling frequency over a short tenm and over a long term, and control means for controlling the 
storage meaps and the interpolation means responsive to the sampling frequency ratio over the short time 
period and the sampling frequency ratk> over the long time perbd from the sampling frequency. ratk> detection 

45 means. 

In a f urther aspect, the present invention provides a device for converting the sampling frequency of an 
input signal into an arbitrary sampling frequency, comprising storage means for storing the input signal, inter- 
polation means for interpolating the signal read out from the storage means, sampling frequency ratio detection 
means for detecting the sampling frequency ratio between the sampling frequency of the input signal and the 

50 arbitrary sampling frequency and for detecting a new sampling frequency ratio based on the detected value 
and a past detected value, and control means for controlling the storage means and the interpolation nieans 
based on the new sampling frequency ratio from the sampling frequency ratio detection means. 

In a further aspect, the present invention provides a device for converting the sampling frequency of an 
input signal into an arbitrary sampling frequency, comprising storage means for storing the input signal with 

55 the difference between the write address and the readout address being changed arbitrarily, interpolation 
means for interpolating the signal read out from said storage means, and memory address control means for 
controlling the readout addresses from the storage means responsive to the sampling frequency ratio between 
the sampling frequency of the input signal and the arbitrary sampling frequency. 
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In yet another aspect, the present invention provides a memory address control device for a ring buffer 
memory for recording and reproducing, data, with the difference of the readout address being arbitrarily 
changed with respect to the write address. The memory access control device comprises address difference 
detection means for detecting the difference between the write address and the readout address of the ring 
buffer memory, and readout address optimization control means for optimally controlling the readout address 
for controlling the address difference detected by the address difference detection means. 

the present invention will be further described hereinafter, with reference to- the following description of 
exemplary embodiments and the accompanying drawings, in which:- 

Fig.1 illustrates the operation of a sampling f requency ratio detection circuit employed in a conventional 
sampling frequency conyertinjg device. 

Fig.2 is a block diagram. showing a sampling frequency converting'deyice as a first embodiment of the 
present invention. 

Fig.3 illustrates the operation of a sampling frequency ratio detection circuit provided in the sampling fre- 
quency converting device shown in Fig.2. 

Fig.4 is a schematic block diagram showing an arrangement of a sampling converting device as a second 
embodiment of the present invention. 

Fig.5 is a schenriatic block diagram showing an arrangement of a controller of the sampling converting de- 
vice shown in Fjg.4.- :^ ; ' f 

Flg:6 illustrates the ihterpdating pp^^^ 
- Fig;7 is a schernatic block diagram shbwinjg/an arrangemeht df a controller 
verting deyice as a: th^ l - \ . • . T ; ' ; > . 

'Fig:8 illuistFates. the sHprt-tenh sampling frequency ratio detecting operation iri the sainpfing frequiancy. 
converting device shown in Fig.7^ r ' / 

pig. 9 illustrates the long-term sampling frequency ratio detecting operation in the sampling frequency con- 
verting device shown in Fig. 7. \' , 

FigiiO is a schematic block diagram showing a sampling frequency ratio detection circuit employed in a 
sampling frequency converting device ^s a fourth enibodlmenf of the present invention. 

Fig.11 is a schematic block diagram showing a sampling frequency ratio detection circuit employed;tn a 
sanriplinjg-frequency converting device as a fifth embodiment p^^^ « : ' . 

Fig.1.2 is a schematic block diagram showing a siamplihg frequency ratib detection^circujt einployed iri a. 
sampling frequency opnvei^tihg device ias a si>th embodi^ 

Rg.1 3 illustrates the operation of a sampling frequency ratio detection circuit provided in the sampling fre- 
quency converting deyice shown in Fig. 12. 

Fig.14 is a schematic.blopkdiagrani showing an arrangement of a sampling converting device as a seventh 
enriboidiment of ;the present .invention.' 

Fig. 1 5 illustrates the short-terrn sampling frequency ratio detection operation and the long-term sampling 
frequency ratio detection operation by the sahripling frequency converting device shoWn in Fig:i4. - ^ 

Fig.ie 1^ a scheniatic blbd< diagram sb^ an an-anjg'ement of a sampling converting devki^^ ' 
embodiment of the present i^^ / ^ ' " • : - : , 

" . Fig.1 7 is a schematic block diagram showing a sampling frequency ratio detection circuit and a controller 
employed in the sampling frequency converting device shown in Fig. 16. 

Fig.ld is a schematic block diagram showing a sarnpling frequency.ratio detection circuit employed in a 
sampling frequency converting device as a ninth embodiment of the present invention. . 

Fig. 19 schematically illustrates a re-sampling ring buffer memory applicable to a re-sampling buffer menv 
ory employed in the sampling frequency converting devices as the first to ninth embodiments. 

' Fig.20 is a schematic block diagram showing a memory address controller controlling the iaddresses of 
the ring buffer memory. . - 

Flg.21 is a schennatic blockdiagram showing an address optimization control circuit of the memory address 
controller. 

Fig.22 illustrates the operation of the memory address controller. . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

^ Referring to the drawings; preferred embodiments of the sampling frequency converting device and the 
memory address controller according to the present invention will be explained in detail. 
The first embodiment will be explain d first of all with reference to Fig.2. 

The present first embodiment is directed to a sampling frequency converting device of converting an Input 
signal O^x having a sampling frequency Fsi at an input terminal 1 into a signal Dso having an arbitrary sampling 
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frequency. Fso by re-sampling, and realizes sampling frequency conversion in which the input system is conrv 
pletely asynchronous with respect to the output system, that is sampling frequency conversion of a free con- 
version ratio without the relation of synchroneity between Input and output signals. In the following description, 
the sampling frequency Fsi of the input signal D^i is refenred to as the input sampling frequency F^i, while the 
5 arbitrary sampling frequency F^o is referred to as the output sampling frequency Fso. 

The present sampling frequency converting device has a re-sampling buffer memory 2 for writing and read- 
ing the input signal Dsi of the input sampling frequency Fsi entering at the input terminal 1 , and an interpolation 
circuit 3 for interpolating an output signal of the re-sampling buffer memory 2. The sampling frequency con- 
verting device also has a control unit 9 for detecting the current sampling frequency ratio Rn from the input 
10 sampling frequency Fsi supplied at an input terminal 6 and the output sampling frequency Fso supplied from 
the input terminal 6, generating a new sampling frequency ratio Rn new based upon the current detection value 
Rn and a past detection value R^-i preceding the current value by one detection period, produdng a control 
signal controlling an interpolation factor of the interpolation circuit 3 and the address signal of the re-sampling 
buffer memory 2 based on the new sampling frequency ratio Rn NEWi 3nd controlling the re-sampling buffer 
15 memory 2 and the interpolation circuit 3 based on the generated address signal and the control signal for per- 
forming the sampling frequency conversion. The interpolation circuit 3 outputs the signal Dso having the output 
sampling frequency Fgo at ah output terminal 4 under control by the control unit 9. 

The control unit 9 has a sanripling frequency ratio detection circuit 7, and an address control signal gen- 
\ . , erating circuit 8. The sampling frequency ratio detection circuit 7. detects the current sampling frequency ratio 
20 Rn from the input sampling frequency Fij and the output sampling frequency Fso and generates the new sam- 
" : pljng frequency ratio Rn new based oh the currieht detection yalue Rn and' the past detectioh value R^^^ 
. ceding the current value by, one detection period. The address control signal generating circuit 8 generates a 
control signal for controlling an address signal for the re-sampling buffer memory 2 and a control signal con- 
trolling the interpolation coefficient of the interpolatibn circuit 3 based upon the new sampling frequency ratio 
25 Rn NEW detected by the sampling frequency ratio detection circuit 7. 

The sampling frequency ratio detection circuit 7 subtracts the past detected value Rn. i from twice the cur- 
rent sampling frequency ratio Rn to find a new sampling frequency ratio Rn new- This is equivalent to adding a 
difference ARn between the current sampling frequency ratio R„ and the past detected value Rn-'i to the current 
sampling frequency ratio Rn to find the new sampling frequency ratio Rn new as shown in Fig.3. That is; the 
30 new sampling frequency ratio Rn 

NEW is given by 

Rn NEW = Rn + * (^n " Rn - l) = 2Rn - Rn- 1 (1) . 

This new sampling frequisncy ratio Rn new >s supplied to the address control signal generating circuit 8. 
The address control signal generating circuit 8 is responsive to the new sampling frequency ratio Rn new 
to generate a re-sampjing time address as a data readout address which is supplied to.the re-sampling buffer 
35 memory 2: The address control signal generating circuit 8 also transmits the data write address to the re-sam- 
pling buffer memory 2. The address contix>l signal generating circuit 8 transmits a data. write address to the 
. re-sampling buffer memory 2. The address control signal generating circuit is also responsive to the newsanv- 
pling frequency ratio Rn new to generate an over-sampling factor selection control signal used for over-sampl ing 
carried out In the interpolation circuit 3 and leading and trailing linear interpolation factors.for linear interpolation 
40 (LIRF.LandUP.F.T.). 

The Interpolation circuit 3 is responsive to the re-sampling time addresses to process output data of the 
re-sampling buffer memory 2 with, for example, FIR filtering to produce two neighboring high-order interpola- 
tion data corresponding to the re-sampling time address to generate the signal Dso having an output sampling 
frequency Fgo by linear interpolation of the two data based on the over-sampling factor selection control signal 
45 and the leading and trailing linear interpolation factors for linear interpolation (LIP.F.L and LIP.F.T.). 

The sampling frequency converting device thus causes the sampling frequency ratio detection circuit 7 
of the control unit 9 to detect the new sampling frequency ratio Rn new and causes the address control signal 
generating circuit 8 to generate the control signal for controlling the re-sampling time address and the inter- 
polation factors based on the new sampling frequency ratio Rn new- Thus it is possible with the present sampling 
50 frequency converting circuit to perform sampling frequency conversion by stable interpolation by the interpo- 
lation circuit 3 without producing overflow or underflow in the re-sampling buffer memory 2 or Increasing the 
capacity of the re-sanipling buffer memory 2. . 

Referring to Figs.4 to 6, a second embodiment of the present invention will be explained. 
The second embodiment is directed to a sampling frequency converting device of re-sampling the sampling 
55 frequency Fsi of the Input signal Dsi at an input terminal 11 into the signal Dso having an arbitrary sampling fre- 
quency Fso, and realizes sampling frequency conversion in which the input system is completely asynchronous 
with respect to the output system, that is sampling frequency conversion at a free conversion ratio without the 
relation of synchroneity between input and output signals. In the following description, the sampling frequency 
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Fsi of the input signal Dsi is referred to as the input sampling frequency Fsi, while the arbitrary sampling fre- 
quency Fso is referred to as the output sampling frequency Fsq. 

Referring to Fig.4, the present sampling frequency converting device has a 8Fsi over-sanipling filter 12 for 
over-sampling the input signal Dgi entering at the input terminal 11 into the signal of a frequency 8Fsi and a re- 
sampling buffer memory 13 for writing and reading the input signal now having the frequency 8Fsi for over- 
sampling. The sampling frequency converting device also has an interpolation circuit 14 lor interpolating an 
output signal of the re-sampling buffer memory 1 3, and a control unit 26. The control unit measures the current 
sampling frequency ratio Rn which is improved in resolution by counting the period t (= N Tso) which is N limes 
as large as the period Tso of the sampling frequency F^o (output sampling period) supplied at an input terminal 
23 with input reference clocks (input master clocks) MCI^ (= M Fsi) supplied at an input terminal 22 at a fre- 
quency equal to an integer number times the sampling frequency Fsi to find a new sanripling f r^uency ratio 
Rn NEW based upon the current sampling frequency ratio R^ and the past detection value R^.! preceding the 
current value by one detection period. The control unit also generates a control signal controlling the interpo- 
lation factors for the interjaolation circuit 14 and the address signal for the re-sampling buffer memory 13 re- 
sponsive to the new sampling frequency ratio Rn new and controls the re-sampling buffer rhemory 13 and the 
mterpolatbn circuit 14 based upon the address signal and the control signal to perform the operation of sam- 
pling frequency conversion. The sampling frequency converting device also has a re-sampling frequency sig- 
. nal outpiitting circuit 19 and a band-limiting filter 20. The re-sampling frequency signal outputting circuit 19 
sub-samples the saiupjing frequency of the output signal froni the inteipolation circuit 14 having the intierpo- 
latioin operation coritrplled by the cohtrpi unit 2^^^^ produce an output sampijing frequency Fab haying the fre- 
quency, values equal to two, four or eight tjmes the sampling frequehcy'^nd sejects.one of these^ifrequency 
values by;;a multiplisxor 1 9 a. The band-iim^^^ slgnarfrorhthere^sarnpling fre- 

quency signal outputting circuit 19 and outputs the output signal Dso having the output sanhpling frequency F^. 
at an output terminal 21. ' 

The digital signal vHth the sampling frequency of BFs}, produced by the 8Fsi over-sampling filter 12, enters 
the re-sanipling buffernriemory 13, as described above. The re-sampling buffer memory 13 is a 20-bit 64-word 
buffer meniory^ by way of an example, and has the sampling frequency time eiqual to eight times the input 
sampling frequency time. / ' ' 

The control unit 26 has a sampling frequency ratio detection circuit 24 and an address control isighal gen- 
erating circuit 25. The sampling frequency ratio detection circuit 24 detectis the icurrent sampling friBqu'ency 
ratio Rn improved in resorution by counting the period t (= N Fso) suppljed from the input terminal 23 at the input 
rnasterdockMCKi (=MFsj) supplied at the input terminal 22 and finds the new sampling frequency ratio Rn new 
based on the current sampling frequency ratio Rn and the past detection value F^i preceding the current value 
by one detection period. The address control signal generating circuit 25 generates a control signal controlling 
the jnterpdljation factpr of the interpolation circuit 1 4 and the'address signal of the re-sampling buffer menibry ' 

13 based on the, new sampling f requency rSitio Rn NEW- 

TTie sampling frequency ratio detection circuit 2^^ 
N Tso of the period entering at the input terminal 23 by the inputimakter clbck.MCki'. a ah arithmetic^lbigic. 
unit 31 for finding a hew sampiihg frequency ratio new based on the scurreiit sampling frequehc^^ R„. 
which is the countoijtput of the counter 30; as shown jn Fig. 5. ' / - 

The arithmetic-logic unit 31 doubles the current sariipling frequency ratio Rn to produce 2R„ and subtracts 
the past sampling frequency ratio Rn. i froni 2Rn to find the new sampling.frequency ratio Rn new- 

The address control signal generating circuit 25 cumulatively adds the values of the new sampling fre- 
quency ratio Rp new» outputted by the arithmetic-logic unit 31 . using an addition circuit 32 and a flip-flop circuit . 
33, to generate a data readout address for the re-sampling buffer memory 13. The address control signal gen- 
einating circuit is also responsive to the hew sampiihg frequency ratk> Rp new to generate an over-sampling fac- 
tor selection control signal used for over-sampling carried out in the interpolation circuit 14 and leading and 
trailing linear interpolation factors for linear interpolation (LIP.F.L and UP.F.T,). 

The diata readout addresses, over-sampling factor selection control signals and linear interpolation factors 
are arranged as an upper bit range data, a mid bit range. data and a lower bit range data of a data string and 
are outputted from the address control signal generating circuit 25: ■ . 

The flip-flop circuit 33 is preferably a D-f lip-flbp. 8 Fso clocks are supplied from an input terminal 34 in keep- 
ing with the sampling frequency 8 Fso of the output signals of the second embodiment. If the sampling frequency 
of the. output signals is 4 or 2F^, 4 or 2Fso clocks are supplied^ while an initializing signal is supplied at an 
input terminal 35. 

, Referring to Fig.4, the interpolation circuit 14 has a leading FIR filter for the leading linear interpolation 
factor 15 and a trailing FIR filter for the trailing linear interpolation factor 17 for over-sarhpling data read out 
by the address control signal generating circuit 25 from the re-sampling buffer memory 13 and processing the 
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data with over-sampling. The interpolation circuit also^has a factor ROM 18 for supplying the over-sampling 
factors to the leading FIR filter for the leading linear interpolation factor 15 and the trailing FIR filter for the 
trailing linear interpolation factor 17 and an addition circuit'18 for adding an output signal of the leading FIR 
filter for the leading linear interpolation factor 15 and an output signal of the trailing FIR filter^for the trailing 
5 linear interpolation factor 17. The foctor ROM .16 has e.g..32 24-bit 7-wbrd over-sannpling factors. 
Referring to Fig.6, the operation of the interpolation circuit 14 is now explained. 

The re-sannpling buffer memory 1 3 is responsive to the readout address supplied from the address control 
signal generating circuit 25 to transmit e.g. seven data at JJB to the leading FIR filter for the leading linear 
interpolation factor 1 5 and the trailing FIR filter for the trailing linear interpolation factor 1 7 as shown in Fig.BA. 
10 The leading FIR filter for the leading linear interpolation factor 15 and the trailing FIR filter for the trailing linear 
interpolation factor 17 convolves e.g. seven data supplied from the re-sampling buffer memory 13 with e.g. 
seven factors supplied from the factor ROM 16 to generate 256 Fsi data. 

Fig.6B shows two adjacent data of these 256 Fst data. An area enclosed by a broken line in 'Figs.6A 
and 6B is Ts/8, while an area E2 enclosed in a broken line In Flg.6B is two adjacent data of the 256 Fsi at an 
15 interval of Ts/S. 

fhejeading FIR filter for the leading linear interpolation fectbr 1 5 ahd the trailing FIR filter for the trailing 
linear interpolation factor 17 then multiply the two adjacent data at the Interval of Ts,/256 by the linear interpo- 
lation factors supplied from the address control signal generating circuit 25. A filter output of the leading FIR 
filter for the leading linear interpolation fectqr 1 5 and a filter output of the trailing FIR filter for the trailing linear 
20 interpolation'factor 17 are added toigether at the addition circuit 18. Thus the linear interpolation' as shown In . 
Fig.eC'is-executed"^-; ^! - : " .' • ;-!*v- 

By repeating the bver-saiiripllng-and the linear interpolation, the present conversion device generates data 
' Dso having the sampling^requencyFso as shown in Fig.6D. 
The linear interpolation is now explained. 
25 Amonig the linear interpolation factors, there are the leading linear interpolation factor 1 5 and the trailing 

linear interpolation factor 17. These linear interpolation factors are generated using lower-order bits, e.g. 12 
bits, ofa data string (data value) prodiicedby accurhulating the values of the new sampling frequency ratio 
Rn NEW by the address control signal generating circuit 25. Specifically, the leading linear interpolation fact r 
is given as 1's complement data of the lower 12 bits, while the trailing linear interpolation factor is given as 
30 the lower 12 bits. 

In FJg.6C, there is shown data Dgo obtained on multiplying the linear interpolation factors with the two data 
Dsa, Dsb at the interval of Tsj/2S6. 

Output data of this interpolation circuit 14 is 8 Fso data. The 8 Fsodata Is routed to a re-sanipling frequency 
signal outputting circuit 1 9 which sub-samples the 8 F^o data to produce d Fso or 2 Fso data. One of the 8 Fgo, 
35, 4 Fso or 2 Fso data is selected by a multiplexor 19a. ; 

The band-limiting filter 20 is a filter for preventing aliasing noise from being produced in output data. If 
the input sampling frequency Fsi is higherthan the output sampling frequency F^, there Is a risk of the aliasing 
noise being produced, so thatthe output signal of the multiplexor 19a needs to be limited in bandwidth. 

With the above-desbribed sampling frequency convertirig device, the sampling frequency ratio detection 
40 circuit 24 of the cohtror unit 26 detects the new sampling frequency ratio Rn new represented by the forniulia 
(1), in which error accumulation is not induced, as shown in Fig.3, while the address cpntrol signal generating 
circuit 25 generates a control signal controlling the re-sampling time address and the interpolation factors from 
the new sampling frequency ratio Rn new- Thus it is possible with the present sampling frequency converting 
circuit to perform sampling frequency conversion by stable interpolation by the interpolation circuit 14 without 
45 . producing overflow or underflow In the re-sampling buffer memory 1 3 or increasing the capacity of the re-sam-. 
pling buffer memory 1 3. In addition, the output signal Dso as an output signal having the sampling frequency 
Fso is free of aliasing. 

' A third embodiment of the present invention is now explained. 

Similarly to the abdve-described first and second embodiments, the present third embodiment is directed 

50 to a sampling frequency converting device of re-sampling the sampling frequency Fsi of the Input signal Psi 
into the signal Dso having an arbitrary sampling frequency Fso, and realizes sampling frequency conversion in 
which the input system is completely asynchronous with respect to the output system, that is sampling frequen- 
cy conversion at a free conversion ratio without the relation of synchroneity between input and output signals. 
In the following description, the sampling frequency Fsi of the Input signal Dsi is referred to as the Input sampling 

55 frequency Fsi, while the arbitrary sampling frequency Fso is referred to as the output sampling frequency Fso- 
The schematic arrangement of the present third embodiment may be explained by refenring to Fig. 4 showing 
the schematic arrangement of the above-described second embodiment. The difference between the present 
third embodiment and the second embodiment resides in the practical arrangement and operation of the control 
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unit 26. 

Although the third embodiment is now explained by referring to Rg.4 and newly to Figs.7 to 9; the following 
description is mainly centered about the practical construction and the operation of the control unit 26 for the 
above reason. 

Referring to Fig.4. the sampling frequency converting circuit of the present third embodiment comprises 
an 8 Fg over-sampling filter 12, a re-sampling buffer memory 13, an interpolation circuit 14, a control unit 26. 
a re-sampling frequency signal outputting circuit 19 and a bandriimlting filter 20. The control unit counts the 
period t (= N Tso) supplied at the Input terminal 23 by the input master clocks MCK| (= M-Fs,) supplied at the 
input terminal 22 over a shorter time period tg and a longer time period tj. to produce the current detected value 
Rns and Rni at the shorter time period and a longer time period t|. and generates a new sampling frequency 
ratio Rns NEW and new sampling frequency ratio Rni. new over a shorter time period t, and a longer time period, 
tt based dh the current detected values Rpj and RpL and past detection values Rns. i and Rnn preceding the 
current values by one detection period. The control unit also generates a control signal contrplling the address 
signal of the re-sampling buffer memory 13 and the interpolation factors of the interpolation circuit 14 from 
one of the new sampling frequency ratio Rn^xNEw arid new sanripling frequency ratio R^l isieW and controls the 
re-sampling buffer memory .13 and the interpolation circuit 14 based on the generated address signal and the 
^control signal to produce the sanipling frequency conversion ratio. 

The control unit 26 hais a sampling frequency ratio detection circuit 24 and an^addreiss cphtrpi signal gen^ 
eratihg circuit 25. The sampling frequency ratio detection circuit 24 detects the values of the curTentsarripiing, 
frequency ratio R,^s and RnL by counting the short-term perio^^^ 

input terfninal 23 by the master dbbks MCK| ^/l•F|) suppliiBd at the In put tem^ the values of 

:'the new siamplirig frequency ratio.i^'NEw and Rnt new over the Short-term *p^^ t^ and the lon^tefm period 
tt based on the values of the current sampling frequency ratio.Rns and RnL- control signal gener- 

ating circuit 25 generates a control signal controlling the interpolation factdir'of the interpolation circuit 14 and 
the address signal of the re-samplirig buffer mempry 13 biaised on the values of .the new sampling frequency 
ratio Rns NEW and RnL NEW; 

. Referring to Fig.7, the sampling frequency ratio detection circuit 24 includes, a short-terrh counter 40 for 
counting the sampling period Ns T^o at the short time period ts entering at the input terminal 23a by the input 
master dock MpKiatan inputterniinal 23a, and an arithmetiC7logicuhit41 forfinding a newsampling frequency 
ratio Rns new at the shorter period t, based on the current sampling frequency ratio Rn, which is the count output 
of the short-term counter 40. The detection circuit 24 also includes a long-term counter 42 for counting the ' 
sampling pieriod Nl-Tso at the long time period tj. entering at the input terminal 23b by; the Input rriaster dock 
MCK| at an input termirial 23b, and an arithmetic-logic unit 43 forfinding a new sampling frequency ratio RnL new 
at the shorter period tL based on the current sampling f requehpy ratio RnL which is the count output of the long- 
term counter42. The detection circuit 24 finally includes a comparator circuit 44 for comparing the new^sampiing 
frequeincy ratio Rns new at the shorter.peribd% as fdund by the arithmetic-logic unit 41 to the hew sampling 
frequency ratio RnL new at the shorter period tti as found by ;the iarithmeti(^lpglc unit 43, and a.selection circ^ 
45Tesponsive to the result of (>omparisoh^t the coniparator circuit 44 to select and output one of ;the hew sanrv 
pliiig frequency ratio R^^ at the shorter period \ or the n^w sampling frequency ratio R^l new at this Shorter 
' period 'II. ■ - " 'r / .• ['^ ~ - ■ ■ 

The arithmetic-logic unit 41 doubles the current sampling frequency ratio Rns to give 2Rns and subtracts 
the past sampling frequency ratio Rn». i from 2Rns to find a new sampling frequency ratio Rn, new for the short 
period ts. This is equivajent to adding a difference ARns between the sampling frequency ratio Rns at the cuh-ent 
short'period ts and the past detection value R^s, ^ preceding the current value of the sampling frequency ratio 
^ns by one detection period, as shown in Fig.8. That is, the new sampling frequency ratio Rns new for the short 
period ts becomes, 

Rns NEW ^ Rns ^ ^Rfis . ' 

= Rns + (Rns + (Rns - Rns. l) = 2Rns " Rns : 1 (2). 

On the other hand, the arithmetid>logic unit 43 doubles the current sampling frequency ratio Rns to give 
2Rns and subtracts the past sampling frequency ratio Rnsi i f rem 2Rns to find a new sampling frequency ratio 
Rns NEW for the short period tg. This is equivalent to adding a difference ARns between the sampling frequency 
ratio Rns at the current short period tg and the past detection value R^s^i preceding the current value of the 
sampling frequency ratio Rns by one det ction period, as shown in Fig.9. That is, the new sampling frequency 
ratio Rns NEW for the short period ts becomes . 

RnL NEW = RnL + ^RnL 
- RnL (RnL (RnL ~ RnL - l) ~ 2RnL " RnL - 1 (3) 

The new sampling frequency ratio Rns new of th short term ts. as found by the arithmetic-logic unit 41, 
and the new sanripling frequency ratio RnL new of the long term tL, as found by the arithmetic-logic unit 43, are 

■ 8 ' 
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fed to the comparator 44. The comparator 44 determines whether or not the new sampling frequency ratio 
Rns NEW for the short terrn t and the new sampling frequency ratfo RnL new ^or the long tenm t^ are coincident 
with each other within pre-set accuracy. That is, the comparator circuit 44 compares the new sampling fre- 
quency ratio Rns new for the short term t, having a larger number of bits to the new sampling frequency ratio 

s RnL NEW for the long term ft having a smaller number of bits. Such comparison is made for a pre-set number of 
bits from the LSB of the new sampling frequency ratio Rns new depending on the total number of bits of the 
. new sampling frequency ratio RnL new and the total number of bits of the new sampling frequency ratio Rns new* 
In this manner, the two frequency ratio values may be discriminated as to the possible coincidence within a 
pre-set range. When the comparator circuit 44 finds that the new sampling frequency ratio Rrl new and the 

10 new sampling frequency ratio Rns new are coincident with each other within preset accuracy, it issues a selec- 
tion control signal to the selection circuit 45 to select and output the new sarhpling frequency ratio Rpi new 

for 

the long term. Conversely, when the comparator circuit 44 finds that the new sampling frequency ratio R^l new 
and the new sampling frequeincy ratio R^, new are not coinddent with each other, It issues a selection control . 
signal to the selectbn circuit 45 to select and output the new sampling frequency ratio Rns new for the short 
15 term. 

The selection circuit 45 is responsive to the selection control signal to select and output the new sampling 
frequency ratio Rnt new for the long term or the new sampling frequency ratio Rns new for the short term. 

The address control signal generating circuit 25 cumulatively adds the new sampling frequency ratio 
RnL new or the new sampling frequency ratio Rns new as selected by the selection circuit 45, using an addition 
20 circuit 4.6 and the flip-flop circuit 47 to generate data readout addresses at the re-sampling buffer memory 13. 
The address controrsignal generating circuit 25 also is responsive to the new sampling frequency ratio RnL new 
orthe new siampling frequency ratio Rns new as selected by the selection circuit 45 to generate the selection 
control signal for the over-sahpling factors employed for over-sampling carried out in the interpolation circuit . 
14 and the leading and trailing linear.interpolation factors for linear interpolation (LIP.F.L and LIP.F.T.) and to 
25 transmitthe generated signals to the interpolation circuit 14. 

The flip-flop circuit 47 is preferably a D-f lip-flop circuit. From the input terminal 48 are fed 8Fso clocks which 
are in keeping with the sampling frequency of BFso of the output signals of the present third embodiment. Of 
course, if the sampling frequency of the output signal is 4Fso or 2Fso* 4Fso or 2F8o clocks are transmitted. From 
the input terminial 49 are supplied initializing signals Se. > 
30 Since the construction and operation of the interpolation circuit 14 are identical with those of the circuit . 

shown in Figs.4 and 6, the corresponding description is omitted for simplicity. 

With the sampling frequency converting device of the present third embodiment, the sampling frequency 
ratio detection circuit 24 outputs the new sampling frequency ratio RnL new or the new sampling frequency ratio 
Rns NEW which Is free from error accumulation as in Figs.8 or 9, while the address control signal generating 
35 circuit 25 generates a control signal for controlling the re-sampling time address or the interpolation factors. 
Thus it is possible with the present third embodiment of the sampling frequency converting circuit to perform 
sanipling frequency conversion by stable interpolation by the interpolation circuit 14 without producing overflow ' 
or underflow in the re-sampling buffer memory 1 3 or increasing the capacity of the re^sampling buffer memory 
13. In addition, the output signal O^b as an output signal having the sampling frequency Fgo is free of aliasing. - 
40 The fourth embodiment is now explained. - 

Since the presient fourth embodiment differs from the above-described third embodiment only with respect 
to the control unit 26, the following description of the remaining components is not made for simplicity. 

With the present fourth embodiment, the long-term counter 42 Is omitted in constructing the sampling fre- 
quency ratio detection circuit 24 of the control unit 26, as shown in Fig.10, instead of providing the short term 
45 ' counter 40 and the long term counter 42, as in the above-described third embodiment. 

The new sampling frequency ratio R^a new. an output of the short-term sampling frequency ratio detection 
circuit 53 having the short term counter, is fed not only to a comparator circuit 57 and a selection circuit 58 but 
also to a addition circuit 54. The addition circuit 54, inherently employed in the address control signal generating 
circuit 25, as in the addition circuit 46 shown in Fig..7, may be employed time-divisionally. Thus the addition 
50 circuit 54 employs an accumulative addition latch 55 to cumulatively add the values of the new sampling fre- 
quency ratio Rns new to adaptively produce the new sampling frequency ratio RnL new* This niew sarnpling fre- 
quency ratio RnL new 's fed via a long-term latch 56 to the comparator circuit 57 and to the selection circuit 58. 

Thus, with the present fourth embodiment, the coniparator circuit 57 determines whether or not the new 
sampling frequency ratio Rns new at the short term ts based on the count output obtained by counting the sanv 
55 piing frequency Fsj of input signals at an input terminal 52 is coincident with the new sampling frequency ratio 
RnL NEW at the long term tf. obtained on cumulative addition of the new sampling frequency ratio Rns new using 
the addition circuit 54 and the cumulative addition latch 55 and counting using frequency- dividing clocks at 
the long-term latch 56 within pre-set accuracy, and the selection circuit 58 selects and outputs the new sanv 
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pling frequency ratio RnL new or the new sarhplihg frequency ratio R^g new in case of coincidence and non-co- 
. incidence, respectively. The dock frequency divider 51 frequency-divides the reference clocks supplied at an 
input.temninal 50 to transnrilt the resulting frequency-dividing clocks to a short-term sampling frequency ratio 
detection circuit 53, a cumulative addition latch circuit 55 and to a long-term latch circuit 56. Thus it is possible 
5 with the present fourth embodiment of the sampling frequency converting circuit to eliminate the long-term 
counter and to perform sampling frequency conversion by stable interpolation by the interpolation circuit 14, 
without producing overflow or underflow in the re-sampling buffer memory or increasing the capacity of the 
re-sampling buffermemory. In addition, theoutputsignal Dso as an output signal having the sampling frequency 
Fso is free of aliasing. 
10 ' Afifth embodiment is now explained. 

With the present fifth embodiment, the sampling frequency ratio detection circuit 24 of the second em- 
bodiment shown in Fig.5 is configured as shown in Fig.11. 

With the sampling frequency ratio detection circuit 24, employed in the present.fifth embodiment of the 
sampling frequency converting device, a past detected value ^ preceding the cunrent detection period by 
15 one detection period is subtracted from twice the current sanfipling frequjency ratio Rg, to find a new sampling 
frequency ratio Rn NEW- V . 

Thus, with the present fifth embodiment, the sampling frequency ratio Fsi of an input signal at an input 
terminal 62 is counted by a reference sampling frequency ratio detection circuit 63 by the frequency-divjding 
clocks to produce the current sampling frequency ratio Rn which is then supplied yla a;b^f lip-flop circuit 64 
20 : arid an inverting circuit 65 to an addition circujt 67 and added b;y the addition circuit 67 via, a bit shifter 66 to 
* ' the isampling frequency ratio Rh. The bit sh 

ratio, of 2Rn, whiie the D-f lip-flop circuit 64 and the inverting circuit 6j5 produce a^frequency ratio value -Rn. i 
which Is inverted in^sign frorn the frequency ratio value R,^ i pireceding the current sampling frequency Rn by 
one detection period. Thus the addition circuit 67 performs an arithmetic operation shown by the equation (1). 
25 The clock frequency divider 61 routes the f requencyrdivided clocks; produced by frequency-dividing the ref- 
erence clocks Cf% supplied at the input terminal 60, to the reference sampling frequency circuit 63 and to the 
D-f lip-flop circuit 64. ~ " 

Thus, with the present fifth embodiment, the current sampiling frequency ratio Rn is measured from the 
input sampling frequency psj and the output sampling frequency Fso and a new sampling frequency ratio Rn new 
30 is found on the basis, of the current diBtection value Rn and thei past detected value \\ Since it is possible 
with the address control signal generating circuit 25 to generate the re-3ampling time addresses from the hew 
^ sampling frequency ratio new Uoxn error accumulation as in Fig. 3, it becomes possible to perform sanv 
pling frequency conversion by stable interpolatiori by the interpolation circuit 14 'without producing overflow, 
orunderflow iri the re-sampling buffermemory 13or increaising thecapacity of the re-sanripling buffermemory 
35 13. ■ ^ ..-^ J '■ , •■- 

Asixth embodiment is now explained. 
In.the present sixth ernbodinrient/^^^^^ 
ernbodiment showrl In Fii^.S is cbhf ig^^ ' ■ - 

A reference. sampling frequency ratio; detection circuit 73 detects the current siampling frequency ratio Rn 
40 by counting with the frequency-dividing clocks obtained on frequency-dividing the sampling frequency F^i of 
the input signal at an input terrninal 72 by a frequency divider 71. The current sampling frequency ratio Rn is 
fed via d D-f lip-flop circuit 74 and an inverter circuit 75 to an addition circuit 76 .where it is added to the current 
sannpling frequency ratio Rn. The D-flip-f Ibp circuit 74 and the inverting circuit 75 genei-ates a frequency ratio 
value - Rn. i inverted in sign from the value R^^ i preceding the cunrent value Rn by orie detection period. Thus 
45 the addition circuit 76 outputs a difference ARn between the current sampling f rec]uency ratio R„ and the sam- 
pling friequency ratio Rn- 1. preceding the current value Rn by one detection period. , ; 

The difference ARn is fed to a multiplication circuit 77 and to an addition circuit 80. The multiplication circuit 
77 multiplies the difference ARn with a coefficient k (k<1 ) and routs the resulting product to an addition circuit 
78. An addition circuit 80 cumulatively adds to the difference ARn the output signals of the D-flip-f lop 82 as 
50 later explained. 

An output signal of the addition circuit 80 is fed to a multiplication circuit 81 so as to be multiplied by (1- 
k). An output signal of the multiplication circuit 81 is fed to a D-f lip-flop 82, which then counts the output signals 
of the multiplication circuit 81 based upon the frequency-divided clocks supplied from the clock frequency div- 
ider 71 to output a ratio valu preceding the current ratio value by m detection periods. Thus a feedback circuit 
55 made up of the addition circuit 80, multiplication circuit 81 and the D-flip-flop circuit 82 becomes a circuit for 
finding an infinite series (1-k)'"(AR^m). 

The infinite series (1 -k)™(ARn. m) of the feedback circuit is added to the result of multiplication kARn from 
th multiplication circuit 77 at the addition circuit 78. An addition output of the addition circuit 78 is fed to an 
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addition circuit 79, which adds the addition output of the addition circuit 78 to the current sampling frequency 
ratio R„ to output a new sampling frequency ratio Rn new- 

The clock frequency divider 71 routes the frequency-divided clocks obtained on frequency dividing the ref- 
erence clocks supplied from the input terminal 70 to the sampling frequency ratio detection circuit 73, D-f lip- 

5 flop 74 and to the D-flip-flop circuit 82. 

Thus, with the present sixth embodiment, the current sampling frequency ratto Rn Is measured from the 
input sampling frequency Fsi and the output sampling frequency Fso, and kARn from the D-flip-f top 74 and the 
inverting circuit 75 is summed to the infinite series (the sum of the output (l-k)'n(ARn. m) of the feedback circuit 
made up of the addition circuit 80, the multiplication circuit 81 and the D-flip-flop 82. from m = 1 bp to m = 

10 infinite) to give the new sampling frequency ratio Rn new as indicated by the following equation (4): 

Rn.«E^=Rn*kARn*f^ ( 1 -ic) ( Ai?„. J 

IS 

(4) 

where ARn-Rn-i . and k<1, - . . 

20 ' With the present sb(th embodiment, the hew sarnp|ing frequericyTa^ 

control signal generating circuit 25. Since it is possible with the address control signal generatirig circuit 25 to 
generate the re-sampling tiime addresses from the new sanipllng frequency ratio Rn new free from error accu- 
mulation as in Fig.13, It t)ecomes possible to perform sarnpling frequency conversion by stable interpolation 
by the Interpolation circuit without producing overflow or underflow in the re-sampling buffer miemory 13 or 

25 increasing the capacity of the re-sampling buffer memory 13. 

Referring to Fig.14, a seventh embodiment Is now explained. 

The seventh embodiment comprises a re-sampling buffer memory 102 for storing the input signal Dsi of 
the Input sampling frequency Fsi entering at the input terminal 101 , and an interpolation circuit 103 for inter- 
polating readout signals from the re-sampling buffer memory 102. The seventh Embodiment also comprises 

30 a sampling frequency ratio detection circuit 107 and a controller 108. The frequency ratio detection circuit de- 
tects the ratio of the input sampling frequency F^i supplied from the input terminal 105 to the output sampling 
frequency Fgo from the Input terminal '1 06 over a short time jaeriod and over a long time period. The controller 
108 is responsive to the sampling frequency ratio over the short time period and to the sampling frequency 
ratio over the long time period from the detection circuit 107 to control the re-samplihg buffer memory 102 

35 and the interpolatbn circuit 103J The interpplation circuit 103, whose interpolating operation is controlled by 
the controller 108, outputs a signal Dso having the output siampling frequency F^o at the output terminal 1.04.. 

The sampling frequency ratio detection circuit 107 detects the sampling frequency ratio Rg and the sam- 
pling frequency r^tio Rl, each of which is the ratio of the input sampling frequency Fsj to the output sampling 
frequency Fso oyer the short time period ahd that over the^^ 

40 The sampling frequency ratio detection birbuit 1 07 detects whether or not the sampling frequency ratio Rs 

over the shot time period and the sampling frequency ratio Rl over the long time period coincide with each 
other within pre-set accuracy. The detection circuit 1 07 selects the sampling frequency ratio R^ for detection 
over a long time period and the sampling frequency ratio for detection over a short time period in case of 
coincidence and non-corncidence, respectively, and outputs the selected value to the controller 108. 

45 The controller 108 is responsive to the sampling frequency ratio values R^ or R3 transmitted from the sam- 

pling frequency ratio detection circuit 1 07 to generate re-sampling time addresses as data readout addresses 
which are transmitted to there-sampling buffer memory 1 02. On the other hand, the controller 1 08 is responsive 
to the sampling frequency ratio R^ or Rs to generate the selection control signal for the over-sampling factors 
employed In over-sampling performed by the Interpolation circuit 103 and the leading and trailing linear inter- 

50 poiation factors and to transmit the generated signals to the interpolation circuit 103. 

■ The interpolation circuit 103 reads out necessary data from the re-sampling buffer memory, baised upon 
the above-mentioned re-sampling time addresses, generates two mutually adjacent high-order interpolation 
data associated with the re-sampling time addresses by, for example, FIR filtering, while processing the re- 
sulting data with linear interpolation and summing the resulting data to each other to generate a signal Dso hav- 

55 ing an output sampling frequency Fso- 

The sampling frequency ratio detection circuit 107 detects whether or not the sampling frequency ratio Rs 
over the short time period and the sampling frequency ratio Rl over the long time period coincide with each 
other within pre-set accuracy. The detection circuit 107 selects the sampling frequency ratio Rl for detection 
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over a long time period and the sampling frequency ratio for detection over a short time period in case of 
coincidence and non-coincidence, respectively, and outputs the selected value to the controller 108. 

. If the ratio between the input sampling frequency Fsf and the output sampling frequency F30 is detected 
over a short time period ts, the error Eg becomes smaller as shown at A in Fig.15, thus enabling high-speed 
5 . response to the error. However, the resolution becomes small to render it difficult to maintain high accuracy. 
Conversely, if the ratio between the Input sampling frequency Fsi and the output sampling frequency Fso is 
detected over a long time period t|_, the error becomes larger as shown at B in Fig.15. thus enabling high 
resolution and high accuracy, although it becomes difficult to achieve high-speed response to the error. For 
this reason, the sampling frequency ratio detection circuit 107 detects whether or not the sampling frequency 

10 ratio Rs over the short time period and the sampling frequency ratio R(. over the long time period coincide with 
each other within pre-set accuracy. The detection circuit 107 selects the sampling frequency ratio for de- 
tection over a long time period and the sampling frequency ratio Rg for detection over a short time period in 
case of coincidence and non-coincidence, respectively, and outputs the selected value to the controller 108. 
Such detectbh within the pre-set accuracy may. be achieved by comparing the sampling frequency ratio 

IS Rs over the short time period and the sampling frequency ratio R^ over the long time period only with respect 
to a pre^set range of bits. For example, in handling the sampling frequency ratio as tHe digital value, such cbm-; 
parison Is made for a pre-set number of bits from the MSB of the sampling frequency ratio Ri_ corresponding 
to the total nunriber of bits of the sampling frequency ratio Rs and the total number of bits of the sampling f re- 
' quency ratio RsWth the smaller number of bi _ - ; . , 'v , 

* 20 Consequently, the sarnplihg frequency, converting device of the present seventh embodiment adaptively 

. ' changes overthid h ig h-speed re-sampling ti me address generation to the highrprecision rers^mpling time ad- 
. ' dreiss generation or vice y depending oh the sampling fraquehcy ratio, and perforrns , the sampling f requen- 
cy conversion responsive to the re-sampljrig time address generated with high precision If the variation in the 
sampling. frequency is not produced within pre-set accuracy, while performing the sampling frequency con-- 

25 version responsive to the re^sampling time address generated at a high speed if the variation in the sampling ^ 
f reqgency is produced within pre-set accuracy. Thus it becomes possible with the presentseyehth embodinrient 
to prevent the playback audio signals from beihg'deterlorated due to the difference In the sampling frequencies 
and to realize mixing by free sampling frequency conversion. 

Referring to Figs.16 and 17, an eighth embodiment Is now explained. 

30 The present eighth embodiment comprises an 8 Fsi over-sampling filter 112 for bver-samplirig the Input 

signal Dsi at the input terminalHI ofFig. 16, with the input sampling frequency of Fsi, to 8 Fsi for re-sampling, 
and a re-sampling buffer memory 113 for writing and reading the 8 Fsi input signal from the 8 F3 over-sarnpling 
filter 112. The eighth embodiment also comprises an interpolation circuit 114 for interpolating the readout sig- 
nals from the re-sampling buffer memory 113, and a sampling frequency, ratio detection circuit 124: the sam- - 

35 ; plihg frequency ratio detection circuit 124 detects over a short time period and over a long time pen'od. the 
sampling frequency ratio improved in resolution by counting the output sampling periods t {t= N T5<i) equal to 
N times the period of the output samplinig frequency Fso supplied at thje Input ternriinal 123 by input reference 
clocks which Is^ an Integer number multiple of the sampling .frequency Fsi supplied at thei'inpMt teiTniriar 122 
(input master clocks MCKj equal to M- Fsi). The eighth embodinrient also comjDrises a controller 125, a re-sanv- 

40. pling frequency signal outputting circuit 119 and a band-limiting filter 120. Thie controller 125 Is responsive to 
the sampling frequency ratio over the short time period or that over a ling time period, as detected by the sanv 
pling frequency ratio detection circuit 124, to control the re-sampling buffer memory 113 and the interpolation 
circuit 114. The re-sampling frequency signal outputting circuit 119 sub-samples the sampling frequency of 
the output signal of the interpolation circuit 114 having its operation of interpolation controlled by the controller 

45 125 for converting the sampling frequency into the output sampling frequency Fso equaj to 2, 4 and 8 times . 
the frequency of the output signal of the Interpolation circuit 114, and selects one of the values of the output 
sampling frequency f^o equal to 2, 4 and 8 times. The band-limiting filter 1 20 limits the bandwidth of the output 
signal of the re-sampling frequency signal outputting circuit 119 and outputs the output signal Dso having the 
output sampling frequency Fso at the output terminal 121. 

50 The digital signal having the sampling frequency SFsi, produced by the 8 Fsi over-sampling filter 112, is 

fed to the re-sampling buffer rnemory 113, as described above. This re-sampling buffer memory 113 Is a 2Q- 
blt 64-word buffer RAM, thus having a sampling frequency -time eight times as large as the Input sampling fre- 
quency time.. 

Referring to Flg.1 7, the sampling f requency ratio detection circuit 1 24 comprises a short-term counter 1 30 
55 for counting th integer number multiple sampling period Ns-Tsc at th short time period ts entering the input 
terminal 123a, with the input master clocks MCKj f d at the.input terminal 1 22, and a latch 1 31 for latching the 
count output at the dhort-term counter 130 based on the sampling period Ns-Tsc- The sampling f requency ratio 
detection circuit 124 comprises a long-term counter 132 for counting the Integer number multiple sampling per- 

12 . 
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iod NfTsc at the long time period tt entering the input tenninal 123b, with the input master cloclcs MCK| fed at 
the input terminal 1 22, and a latch 1 33 for latching the count output at the long-term counter 1 32 based on the 
sampling period Nl-Tsc. The sampling frequency ratio detection circuit 124 further comprises a comparator cir- 
cuit 1 34 for comparing a latch output of the latch 131 to the latch output of the latch 1 32 and a selection circuit 
5 1 35 for selecting and outputting one of the latch output at the controller 125 responsive, to the result of com^ 
parison by the comparator circuit 134. 

The short-term counter 130 counts the by the sampling period Ns-Tsc with the input master clocks MCK[, 
while the latch 131 latches the count results, for finding the sampling frequency ratio R, over the short time 
period t^. On the other hand, the long-term counter 132 counts the by the sampling period Nt-Tso with the input 
10 master clocks MCK|, while the latch 133 latches the count results, for finding the sampling frequency ratio 
over the long time period tt- That is, the latch period by the latch 131 is the short term ts and that by. the latch 
1 33 is the long term t^. These latch periods ts and ti. are selected so that the resolution of the sampling frequency 
ratio Rs is coincident with the error with, respect to the real time of the sampling frequency ratio R|. during the 
conversion for the maximum assumed rate of change of the input/ output sampling frequency ratio. 
IS Meanwhile, the input master clock' MCK| is of a sufficiently higher rate than the sampling, periods Ns-Tso 

or Nl'Tso and is of the frequency equal to M times the. input sampling frequency Fsi,- where M is an integer. 

The comparator circuit 1 34 determines whether oi^ not the sampling frequency ratio Rs is coincident with 
the sampling frequency ratio R^ within pre-set accuracy. If the comparator circuit 1 34 finds that the siampling 
< frequency.ratio R, is or is not coincident vyith the sampling frequency ratio R^., the corhparator circuit 134 trans^ . 
20. mits the corresponding selection control signal to the selection circuit 1^5. 

The selection circuit 135 is responsive to the selection control- sighal supplied from the compairatbr circuit 
' 1 35 to select and output the sampling frequency ratio Rs or R^ f rpni the latch i 31 or from the latch 1 33. 

The comparator circuit 134 compares the sampling frequency ratio R^ having a larger number of bits to 
the sampling frequency ratio Rl having a snialler number of bits. For such comparison, a range of bits from 
25 the MSB of the sampling frequency ratio R|_ as far as a pe-set bit correspond inig to the total number of bits of 
the sarnpling frequency ratio Rs is compared to the total bits of the sarnpling frequency ratio Rs. Thus it becomes 
possible to detect the possible coincidence within the pre-set range. If the comparator circuit 134 finds that 
the sampling frequency ratio Rs is coincident with the sampling frequency ratio R^ within a pre-set range, the 
comparator circuit Issues a selection control signal instructing the selection circuit 135 to select and output 
30 ■ the sampling frequency ratio Rl at the longer period tt. On the other hand, if the comparator circuit 134 finds 
that the sampling frequency ratio R^ is not coincident with the sampling frequency ratio Rl within a pre-set 
range, the comparator circuit issues a selection control signal instructing the selection circuit 135 to select and 
output the sampling frequency ratio Rs at the shorter period ts. 

The selection circuit 35 is responsive to the above-mentioned two selection control signal supplied from 
35 . the comparator circuit 34 to output the sampling frequency ratio Rl at the lohger period ti. or the sampling fre- 
quency ratio Rs at the shorter period t, to an addition unit 136 of the controller 125. 

Referring to Fig.17, the controller 125 cumulatively adds, the sampling frequency ratio R, b,r Rl supplied 
frorh the sampling frequency ratio detection circuit 124, using the addition circuit 136 arid the flip-flop circuit 
139, for generating data readout addresses for the re-samplirig buffer memory 11 3/ On the other hand, the 
40 controller 125 generates, with the aid of the addition circuit 136 and the flip-flop circuit 139, the control signal 
for selecting the over-sampling factors to the interpolatbn circuit 114, and the leading and trailing linear inter- 
polation factors (LIP.F.L. and LIP.F.T.). 

The above data readout addresses, over-sampling factor selection control signal and the linear interpola- 
tion factors are outputted from the controller 25 as upper order bit range, mid order bit range and as lower 
45 order bit range, respectively. 

The flip-flop circuit 137 preferably a D-f lip-flop. 8 F50 clocks are supplied from an input terminal 138 keeping 
with the sampling frequency 8 Fso of the output signals of the eighth embodiment. If the sampling frequency 
of the output signals is 4 or 2Fsof 4 or 2Fso clocks are supplied, while an initializing signal is supplied at an 
input terminal 35. 

50 Referring to Fig. 16, the interpolation circuit 114 comprises a leading FIR filter L for the leading linear in- 

terpolation factor (LIP. F.L) 15 and a trailing FIR filter for the trailing linear interpolation factor (LIP. F.T.) 17 for 
over-sampling data read out by the address control signal generating circuit 25 from the re-sampling buffer 
memory 113 in accordance with the re-sampling time addresses as data readout addresses supplied from the 
controller 125, as well as for processing the data with linear interpolation. The interpolation circuit also has a 

55 factor ROM 116 for supplying the over-sampling factors to the leading FIR filter for the leading linear interpo- 
lation factor 115 and the trailing FIR filter for the trailing linear interpolation factor 117 and an addition circuit 
118 for adding an output signal of the leading FIR filter for the leading linear interpolation factor 115 and an 
output signal of the trailing FIRfilter for the trailing linear interpolation factor 117. The factor ROM 16 has e.g. 
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32 24-bit 7-word over-sampling factors. 

Output data of the interpolation circuit 14 is 8 F^o data. The 8 Fso data is routed to a re-sampling frequency 
signal outputtfng circuit 119 which sub-samples the 8 Fso data to produce 4 Fso or 2 ^so data. One of the 8 Fso, 
4 Fso or 2 Fso data is selected by the multiplexor 119a. 

The band-limiting filter 120 is a filter for preventing aliasing noise from being produced in output data. If 
the input sampling frequency Fsi is higher than the.output sampling frequency Fsoi there is a risk of the aliasing 
noise being produced, so that the output signal of the multiplexor 119a needs to be limited in bandwidth. 

Consequently, the sampling frequency converting device of the present eighth embodiment adaptively 
changes over the high-speed-re-sampling time address generation to the low-precision re-sampling time ad- 
dress generation or vice versa depending on the. sampling frequency ratio, and performs the high accuracy 
sampling frequency conversion in case there is no substantial variation in the sampling frequency, while per- 
forming high-speed sampling frequency conversion in case there is any substantial variation in the sampling 
frequency, thus assuring compatibility between two inherently incompatible conversions of the high accuracy 
conversion and the high speed conversion. 

Referring to Fig. 18, a ninth emhiodiment Is now explained. ; 

In the present ninth embodiment, the sampling frequency ratio Rs of the short-ternri saimpling frequency 
ratio detection circuit 143 having the short-term counter is cumulativeiy;added by'time-divisionaliy employing 
the addition circuit l44forgeneratioii'of the re-sampling time address generation of the.a)ntrojlerforpiix>dud^ 
an adaptive sampling frisquency ratio f^, without independently providing the.shp^^^ and the, 

long teni) counter 132, as Jn the eighth: embddin^^^ enafc>ling bmisslon o^^^^^ iohg-terrn couhtier. 

. ' Tliaitis, with t^^^ 147 detects wh^^^^ 

frequency ratio Rq over the shbrt'peripd ts as found by countihig'tlie s^ FsVbf the input sighar* 

at the input tei'mihal 142 by the docks supplied from the clock frequency divider 141 is or is not coincident 
with the sampling frequency ratio R^ over the long period t^ as found By cumulatively adding the sampling, fre- 
quency Rs.using ah addition circuit 144 and a cumulative addition latch 145 followed by couriting using fire^ 
quency-divided clocks by a long-terrh latch 14jS/ In case of non-coincidence; the sampling. frequency ratio R^ 
oyer the long period tL is selected by the selection circuit 148; whereias,~in case of coincidence, the sampling 
frequency ratio Rs over the short period ts is selected by the selection circuit 148. The selected frequency ratio 
is outputted to a controller. It is noted that the dock frequiency divider 141 divides the frequency of the reference 
clodcfs Cr supplied frorn the Input terminal 140'iand docks thus generated ainerouted to a short-term frequency 
ratio detection circuit 143, the cumulative addition latch cirpuit 145 and to the long-term latch circuit 146. 

Thus the present ninth embodiment eliminates the long-term counter and is responsive to the sampling 
frequency ratio to be adaptively changed over between high-precision generation and high-speed generation 
of the re-sampling tjme addresses, in such a manner that high precision sanppling frequency conversion and 
high speed sampling frequency conversion are performed in case there is not any significantyariatibh in the 
sahrjplihg frequency and in case there is any significant variation in the sampling frequency, respectively. 

Meanwhile, the ring-shaped bu schernaticajly shown in Fig. 19 nriay be erriployed ais the re- 

sampling buffer memories .2, 13, 102 and 113 employed in the first to ri|hth ernbodiments. 

^ That Is; the re-sampling buffer memories 2, .13, 102 and 113 niay be configured as ia ring-shaped 8 Fg 20r 
bit 64-word data re-sampling buffer memory as shown in Fig.19. The manner of controlling the ring-shaped 8 
Fidata re^sampling buffer memory, is explainied subsequently. 

In the first to ninth embodiments, data writlng.and readout on or from the ring-shaped 8 Fsdata re-sampllng 
buffer memory is controlled by the memory control signal generating circuit 8 and 25 and the controllers 108 
and 125. Thus the controllers 108 and 125 shown In Figs. 14 and 16 supply data readout and data write ad- 
dresses to the re-sampling buffer memories 102. 113 each designed as the 8 Fs data re-sampllng ring buffer 
nfierhdry, while also supplying data readout addresses to the re-sampling buffer memories 102, 113 from the 
sampling frequency ratio as detected by the sampling frequency ratio detection circuits 107, 124 for controlling 
the writing and readout of the re-sampling buffer memories 1 02, 113. Thus the controllers 108, 125 and the 
sampling frequency ratio detection circuits 107, 124 represent memory address controllers controlling the ad- 
dresses of the re-sampling buffer memories 102, 113 and Interpolation circuits controlling the interpolation cir- 
cuits 103, 114. 

Referring to Fig.20, the memory address controlling device made up of a sampling frequency ratio detec- 
tion circuit 1 24 and the controller 1 25 will be explained. 

The memory address controlling device controls the readout addresses of the re-sampling buffer memory- 
113, which is a ring buffer memory for continuously recording and reproducing data on or from the recording 
medium, with the difference of the readout addresses being arbitrarily changed with respect to the write ad- 
dresses. The main address controlling devic comprises a controller 125 made up of ah address difference 
detection circuit 132 for detecting the difference between the write address and the read-out address and an 
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address optimizing control circuit 134 for ffecting optimal control on the readout address for controlling the 
address differience as detected by the address difference detection circuit 132, and a sampling frequency ratio 
detection circuit 124. 

The sampling frequency ratio detection circuit 1 24 has a counter 1 30 for counting the multiple-number sam- 
5 pling period NT30 at the time period t entering the input terminal 123 by the input master clocks MCK| supplied 
from the input terminal 122, and a latch 131 for latching the count output of the counter 130 based on the mul- 
tiple-number sampling period N Tso- 

The counter 130 counts the multiple-number sampling period NTso by the input master clocks MCK| and 
latches the result of count by the latch 1 31 to find the current sampling frequency ratio R at the period t. 
10 The controller 125 includes, in addition to the address difference detection circuit 132 and the address 

' optimization controlling circuit 134, an addition circuit 135 for adding output signals of the address optimization 
control circuit 135 to the sampling frequency ratio Rfrom the latch 131 responsive to the address difference 
as dietected by the address difference detectk)n circuit 132, an addition circuit 136 for cumulatively adding the 
addition outputs of the addition circuit 135 and a fjlp-flop circuit 137. 
IS The flip-flop circuit 1 37 Is preferably a D-f lip-flop. 8 F^o clocks are supplied from an input terminal 138 in 

keeping with the sampling f requency 8 Fso of the output signals of the second embodiment. If the sampling 
frequency of the output signals is 4 or2Fso, 4 or 2F^ clocks are supplied, while an initializing signalSE is sup- 
plied at an input terminal 139. 

The addriess difference detection circuit 132 adds the write address frqni an InVerter 140 shown in Fig.21 
' 20 to the readout addreiss to find the difference between the readout address and the write address. Such di^-, 
f erence betweeii 'the readout -address and the' write address represents a measure iridicat jrig th^ alipwance 
of the re^siampling buffer memory 113; If the address difference is depleted, an overflow state Is produced in 
the re-sampling buffer memory 113. 

The address difference pptinriizatiori control circuit 134 is a control circuit for optimizinig the readout ad- 
25 dress so that the address difference as detected by the address difference detection circuit 1 32 is controlled 
to an optimum value, and comprises an area decoder and latch 134a, a D-f lip-flop 134b and an address op- 
timizing encoder 134c, as shown In Fig.21. ' 

The. address difference optimization control circuit 134 decodes the address difference as detected by 
the addreiss difference detection circuit 132 and causes the area decoder and latch 134a and. the D-flip-flbp 
30 134b to latch and monitor at a certain period which area the detected address difference occupies with respect 
to an absolute maximum point'of the write/readout address differiehce CT. the address difference optimization 
control circuit 134 is responsive to the monitored result to generate in the address optimizing encoder 134c a 
corriection value to.be added by the addition circuit 135 to the sampling frequency ratio R as detected by the 
sanripling frequency ratio detection circuit 124. 
, 35 If, for example, the re-sampling buffer memory 13 is a ring 8 Fs data re-sampling buffer memory haying 

the capacity of iZO^bits and 64 words,. as shown in Fig. 19, ,the memory address controlling device controls the 
readout address Ar so that the data write address and' the data readbutaddress.Ar are is operation with a^ 
phase difference of 180** with the word difference of 32, Meanwhile, the^memory address control device has 
eight Fs|T date domain address with a pointof4F»|Tb " , 

40 if the address difference detected by the address difference detection circuit 1 32 is in a range of from CT- 

0.5 FsiT to CT+0.5 Fg|T. that is in a range of from 180 ± 0.5 Tsi (± 8 Fsi sarhples), on. the abscissa of Fig.22, 
the address optimization control circuit 1 34 of the memory address control device outputs a 0 output correction 
value to the addition circuit 1 35. Thus the memory address control device cumulatively adds only the sampling 
frequency ratio R as detected by the sampling frequency ratio detection circuit 124 by the addition circuit 136 
45 and the D-f lip-flop circuit 1 37 to generate the memory readout addresses. If the address difference detected 
by the address difference detection circuit 132 is not in the range of from CT-0.5 F^J to CT+0.5 FsiT that is in 
the range of from 180 ± 0.5 Tsi (± 8 Fsi samples), the address optimization control circuit 134 adds the cor- 
rection value from the address optimization encoder 1 34c to the sampling frequency ratio R, until the absolute 
value of the address difference becomes equal to the maximum value CT (= 180*^ ), by incrementing or dec- 
50 rementing the readout address. In addition, the circuit 132 cumulatively adds the correction value by the ad- 
dition circuit 136 and the D-flip-flop circuit 137 to generate the memory readout addresses. 

Specifically, if the address difference as detected by the address difference detection circuit 132 is in a 
range of from CT-0.5 FsIT to 2 FsiT. as plotted on the abscissa of Fig.21 , the address optimization control circuit 
134 adds a correction value to the sampling frequency ratio R at the addition circuit 135. The correction value 
55 is set so as to be twice the LSB of an imaginary set readout address or a virtual readout address, if the address 
difference is from CT-2 FsiT to CT-2 FsiT, the circuit 134 adds a correction value optimized from 256 times 
the LSB of the virtual address to the sampling frequency ratio R. If the address difference is from CT-3 FsiT 
to CT-2 FsiT, the circuit 1 34 adds a correction value optimized from 32768 times the LSB of the virtual address 
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to the sampling frequency ratio R. 

On the other hand, if the address difference as detected by the address difference detection circuit 32 is 
in a range of from CT+0.5 FsiT to CT+2 FsIT, the address optimization control circuit'i34 adds (or effectively 
subtracts) an inverted correction value optimized from twice the LSB of the virtual address to the sampling 
5 frequency ratio R in the addition circuit 135. If the address difference is in a range of from CT+2 FsiTto CT+3 
FsiT, the address optimization control circuit 134 adds (or effectively subtracts) an inverted correction value 
optimized from 256 times the LSB of the virtual iaddress to the sampling frequency ratio R in the addition circuit. 
135. On the other hand, if the address difference is in a irange of from CT+3 FsiT to CT+4 FsiT, the address 
optimization control circuit 134 adds (or effectively subtracts) an inverted correction value optimized from 
10 32768 times the LSB of the virtual address to the sampling frequency ratio R in the addition circuit 135. 

That is, the address optimization control circuit 134 corrects the readout addresses until the phase dif- 
ference beconhes equal to 180 by adding or subtracting l^at the second bit from the LSB of the virtual readout 
- address when the address difference as detected by the address difference detection circuit 132, that is the 
readout phase, is deviated to ±2 Tsi from 1 i30.± 0.5 Tsi; by adding or subtracting 1 .at the eighth bit of the virtual 
15, address when the readout phase is deviated to 1 80 ± 3 Tsi or more from 1 80 ± 2 Tsi and by adding or subtracting 
1 at the 15th bit when the readout phase is deviated by 180 ±3 Ts^^ . . , ' 

Thus the memory address control device sets ah optimum phase at a high speed by employing a large 
correctibh value when th^ readout address phase is advanced or retarded significantly during power oh time 
drdurtng switching of the input signals or the output sampling frequency, while setting ian optlnlumphase with-- 
20 ,put signal' deteripratiori by enlployihg^^a value!v^en the address p 

. 'tarded to a mbderate extent during chaiige of th^ sanriplin On the other hand; if the addresls phase 

. is advianced or retarded only slightly, the meWipiry addirbss'c^^ device sets iah bptjinunfi'phase vinth 
deterioration by employing a smafl correctiPn value: That is, the; high-speed correction and high-precision con- 
version can be used with compatibility by exploiting an optimunri cbrrection value depending on the state of 
25' signal deviation.' : / . " 

Claims 

A device for corivertingrthe samplihg'frequehcy of an Input signal into an arbitrary sampling frequency, 
comprising . * / . 

storage means for storing the input signal, 

interpolation means for interpolating the signal read out from said storage means, and , 
control nieans for generating a first sampling frequency ratio between the sampling frequency of 
the input signal ^hd the arbitrary sampling frequency and a second sampling frequency ratio between 
the sanipling frequency.of the input signal and the arbitrary sanipling frequency based on said first sanv 
pling ratip'for suppressing jitter cprrippn^^^^ 

trol means generating a controi signal ^^^^^ of sdid stprage rheans and the 

interpolation factors of said interpolation means and effecting sarhpling ffequency conversion by control- 
ling said is torage means and the interpolation means based on the generated address signal and said con- 
trol signal. 

The device as claimed in daim 1, wherein said control means has sampling frequency ratio detection 
means for detecting said first sampling frequency ratio and said second sampling frequency ratio over a 
short time period and over a long time period, said control means controlling said storage means and said 
interpolation means based on said second sampling frequency ratio of said sampling frequency ratio de- - 
tection means over the short time period and over the long time period. 

The device as claimed in claim 1 wherein said sampling.frequency ratio detection means checks the co- 
incidence or non-coincidence within pre-set accuracy of the second sampling frequency ratio over the 
short time period and the second sampling frequency ratio oyer the long time period and selectively, out- 
puts the second frequency ratio over the long tinrie period if the second frequency ratio over the shoirt 
time period is coincident with the second sampling frequency ratio over the long time period, said sampling 
frequency ratio detection means selectively outputting the second frequency ratio over the short time per- 
iod if the second frequency iratio over the short time period is not coincident with the second sampling 
frequency ratio over the long time period. 

The device as claimed in daim 1 wherein said sampling frequency ratio detection means has a first coun- 
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ter for counting the period equal to an integer number multiple of the arbitrary sampling frequency based 
on clocks of an integer number multiple of the sampling frequency of the input digital signals over said 
short period of time, a second counter for counting the period of the arbitrary sampling frequency based 
on clocks of an integer number multiple of the sampling frequency of the input digital signals over said 
short period of time, a first arithmetic-logic unit for calculating the second sampling frequency ratio based 
on said first sampling frequency ratio over said short time period as counted by said first counter, a second 
arithmetic-logic unit for calculating the second sampling frequency ratio based on said first sampling fre- 
quency ratio over said long time period as counted by said second counter, a comparator for comparing 
said second sampling frequency ratio over said long period of said second arithmetic-logic unit to said 
second sampling frequency ratio over said short period of said first arithmetic-logic unit, and a selection 
unit for selectively outputting said second sampling frequency ratio over said long period of said second 
arithmetic-logic unit or said second sampling frequency ratio over said short period of said first arithmetic- 
logic unit based on the results of comparison from said comparator. 

5. The device as claimed in claim 1 wherein said sampling frequency ratio detection means has a first fre- 
quency ratio detection unit for counting the sampling frequency of the input digital signal based on clocks 
divided In frequency from a reference clock for finding the sampling frequency ratio over said short tim 
period, and a second frequency ratio detection unit for cumulatively adding the sampling frequency ratio 
from said first frequency ratio detection unit and counting the resulting sum with clocks divided in fr - 
quency from the reference clocks for detecting said sarhplihg frequency ratio over said long period. 

Bi The, device as claimed in claim 1,whereih said interpolation means Is constituted by an FIR filter 

7. The device as claimed in claim 1 wherein said control means has sampling frequency ratio detection 
means for detecting the sampling frequency ratio between thesampling frequency of the input signal and 
said arbitrary sampling frequency and detecting a hew sampling frequency ratio based on the rebutting 
detected value and a past detected value, said control means controlling said storage means and said 
interpolation means based on the new sampling frequency ratio from said sampling frequency ratio d - 
tection means. . 

8. The device as claimed in claim 7 wherein said sampling frequency ratio detection means has finds the 
new sampling frequency ratio Rn new by . 

Rn NEW ~ 2Rn - Rn - i 

that is by subtracting the past sampling frequency ratio R^.^ from 2Rh, where rn is the current sampling ^ 
frequency ratio.. . • 

9. The device as claimed in claim 7 wherein said sampling frequency ratio detection means has a counter 
for'countlng the period equal to an integer-number multiple of the period of the arbitrary sarhpling fre- 
quency based on clocks of an integer number multiple of the sampling frequency of the input digital signal 
and an arithmetic-logic.uhit for latching the results of count of said counter to find the current sampling 
frequency ratio and for calculating a new sampling frequency ratio from said current sampling frequency 
ratio and a past sampling frequency ratio preceding the current sampling frequency ratk> by one detection 
period. 

10. The device as claimed in daim 8 wherein said sampling frequency ratio detection means has a first coun- 
ter for counting the period equal to an integer number rhultiple of the arbitrary sampling frequency based 
on clocks of an^ integer number multiple of the sampling frequency of the input digital signals over said 
short period of time, a second counter for counting the period of the arbitrary sampling frequency based 
on clocks of an integer number multiple of the sampling frequency of the input digital signals over said 
short period of time, a first arithmetic-logic unit for calculating a new sampling frequency ratio over a short 
time period based on said current sampling frequency ratio over said short time period as counted by said 
first counter and a past sampling frequency ratio preceding the current sampling frequency ratio by one 
detection period, a second arithmetic-logic unit for calculating a new sampling frequency ratio based on 
said current sampling frequency ratio over said long time period as counted by said second counter and 
a past sampling frequency ratio preceding the current ratio by one detection period, a comparator for com- 
paring said new sampling frequency ratio over said long period of said second arithmetic-logic unit to said 
new sampling frequency ratio over said short period of said first arithmetic-logic unit, and a sel ction unit 
for selectively outputting said new sampling frequency ratio over said long period of said second arith- 
metic-:loglc unit or said new sampling frequency ratio over said short period of said first arithmetic-logic 
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unit based on the results of comparison from said comparator. 

11. The device as claimed in claim 1 wherein said sampling frequency ratio detection means has a first fre- 
quency ratio detection unit for counting the sampling frequency of the input digital signal based on clocks 
divided in frequency from a reference clock for finding the current sampling frequency ratio over said short 
time period, and a second frequency ratlo detectlori unit for cumulatively adding the sampling frequency 

. ratio from said first frequency ratio detection unit and counting the resulting sum with clocks divided in 
• frequency from the reference clocks for detecting said current sampling frequency ratk> over said long 
period. 

12. The device as claimed in claim 8 wherein said sampling frequency ratio detection means has a reference 
frequency ratio detection unit for finding a reference sampling frequency ratio based on the sampling fre- 
quency of the input digital signal based on clocks divided in frequency from the reference clocks, a first 

' generator for generating a sampling frequency ratio preceding the current value by one detection period 
based oh the sampling frequency ratio from said reference frequency ratio detection unit, a second gen-- 
erator for generating a sampling frequency ratio equal to. twice the sampling frequency ratio from said 
frequency ratio detection unit, and an addition unit for summing the sampling firequency ratio from said 
first generator and the sampling frequency ratio from said second generator. 

1 3. The device ais claimed in claim 7 wherein said sampling frequency ratio detection rneans finds the new 
. sarhpllhig frequeH^ : . ^ - " - \ ' . : 

by summing the current sampling frequency ratio F^, kAR^ {k<1), where ARn is the difference between 
the current frequency ratio R„ and a past detected value Rn. V; and an inf initeseries of from m - 1 to infinite 
of(1-k)m(ARn:j. . _ . 

1 4. The device as claimed in dai rh 1 3 wherein said sampi ing frequency ratio detection means has a reference 
.frequency ratio detection unit for generating a reference sampling frequency ratio by counting the sanv^ 
pling frequency of the input digital signal by clocks divided in frequency from the reference clocks, a first 
generator for generating a sampling frequency ratio preceding the current value by one period based on 
the sampling frequency ratio from said reference frequency ratio, a detection unit for detecting a sampling 
frequency ratio from the frequency ratio detection unit and the sampling frequency ratio from said first 
generator, a^sec»nd generator for generating a sampling frequency ratio preceding the current value by 
m periodsbased on an' output of said detisction unit, a first additibn unit f6r adding the sampling frequency 
ratio from said sebbhd generator to the output of the detection unit, and a seqshd addition unit for adding' 
the outputdf the f Inst addition unit to the output of the . 

15. The device as dalrried in claim 1 wherein said storage means record and reproduce data with the differ- 
ence between the write address and the readout address being arbitrarily changed and wherein said con- 
trol means has memory address control means for controlling the readout from the storage means re- 
sponsive to the sampling frequency ratio between the sarnpling frequency of the input digital signal and 
said arbitrary sampling frequency. 

16. The device as claimed in claim 1 wherein said memory address control means has a counter for counting 
the period equal to ah integer number multiple of the period of the arbitrary sampling frequency based 
on clocks having a clock frequency equal to an integer number multiple of the arbitrary sampling frequen- 
cy, a holding unit for finding the current sampling frequency ratio based on the counted result of the coun- 
ter, an address difference detection unit for detecting a difference between the write address and the read- 
out address, an address optimization control unit for controlling the address difference as detected by 
the address difference detection unit to an optimum value, and an addition unit for adding an output of 
said address optimization control unit to an output of said holding unit, an output of said holding unit being 
supplied to said control means. 

17. A device for convertirtg the sampling frequency of an input signal into an arbitrary sampling frequency, 
comprising 
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Storage means for Storing the input signal, 

interpolation means for interpolating the signal read out from said storage means. 

sampling frequency ratio detection means for detecting the sampling frequency ratio between the 
sampling frequency of the input signal and the arbitrary sampling frequency over a short term and over 
5 a long term, and 

control means for controlling said storage means and the interpolation means responsive to the 
sampling frequency ratio over the short time period and the sampling frequency ratio over the long time 
period from said sampling frequency ratio detection means. 

18. The device as claimed in claim 1 wherein said sampling frequency ratio detection means check for coin- 
cidence or non-coincidence between the detection value over the short period and the detection value 
over the long period within pre-set accuracy and selectively outputs the detected value over the long per- 
iod when the detected value over the long period coincides with the detected value over the short period, 
said sampling frequency detection means selectively outputting the detected value over the short period 

iS when the detected value over the long period is not coincident with the detected value over the short per- 

iod. . . 

19. The device as claimed in ciaim 17 wherein said sampling frequency ratio detection means counts the per- 
iod of one of the sampling frequencies with clocks equal to an integer number multiple of the other of the 

\ sampling frequencies at a sufficiently high-speed relative to the period of said one of the sampling fre- 
querwy of the Jhput signal and t^^^ 

20. The device as claimed in dalm 17 wherein said interpolation mans find two adjacent over-sampling data , 
by over-sampling a signal read out by said control means from said storage means responsive to control 
signals supplied from said control means, said interpolation means also processing said two over- 
sarhpling data with linear interpolation. 
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. 21. the device as claimed in claim 17 wherein, when the sampling frequency of the input signals is higher 
■'than said arbitrary sampling frequency, an output signal of said interpolation means is limited in band- 
wklth. ^ 

30 

22. The device as claimed in claim 17 wherein said storage means record and reproduce data with the dif- 
ference between the write address and the readout address being arbitrarily changed and wherein said 
control means has memory address control means for controlling the readout from the storage means 
responsive to thie sanripling frequency ratio between the sampling frequency of the input digital signal and 

^ said art>itrary sampling frequency. 

23. A device folr converting the sampling frequency of an input signal into an arbitrary sampling frequency, 
' comprising - . 

storage rneans for storing the input signah ' 
40 ' Interpolation means for Interpolating the signal read out f ironri said storage means; 

sampling frequency ratio detection means for detecting the sampling frequency ratio between the 
samplingfrequency of the input signal and thearbltrary sampling frequency and for detecting a new sam- 
pling frequency ratio based on the detected value and a past detected value, and 

control means for controlling said storage means and said interpolation means based on the new 
45 sampling frequency ratio from said sampling frequency ratio detection means. 

24. The device as claimed in claim 23 wherein said sampling frequency ratio detection means has finds the 
new sampling frequency ratio Rn new by . / 

Rn NEW = 2Rn - Rf, . i 

50 that is by subtracting the past sampling frequency ratio Rp. ^ from 2R„, where rn is the current sampling 

.frequency ratio, 

25. The device as claimed in claim 23 wherein said sampling frequency ratio detection means finds the new 
sampling frequency ratio Rn 

NEW by an equation 
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by summing the current sampling frequency ratio Rn, kAR*, (k<1), where ARn is the difference between 
the currentfr quency ratio and a past detected value Rn. u and an infinite series of from m = 1 to infinite 
of(1-k)'n(AR^J. 

26. The device as claimed in claim 23 wherein said sampling frequency ratio detection means counts the per- 
iod of one of the sampling frequencies with clocks equal to an integer number multiple of the other of the 
sampling frequencies at a sufficiently high speed relative to the period of one of the sampling frequency 
of the Input signal and the arbitrary sampling frequency. 

27. The device as.claimed in dairn 23 wherein said Interpolation mans find two adjacent over-sampling data 

V by over-sampling a signal read put by said control meanis froni said storage means responsive to control 
signals supplied from said control means, said interpolation means also processing said two over- 
sampling data with linear interpoliatlon. . - ' 

28. The device as claimed in clajm 23 wherein, when the sampling firec|uehcy of tiie input signals is higher 
than said arbitrary sampling frequency, an. output signal of said Interpblatloh means is limited In band- 

^ .'width. '• ~ > ' . ■ , ' ■ 

29. The device as daimed in daim 23 wherein said samplingfrequency ratio detection rtieans detects a sanv 
pling frequency ratio be^ 

. quency oyei'r a shoittinie ped^ 

i ' f jrequehcy ratlq values bverthe sK and oyer tlWlbng.tiii^ 

detected value and the past dete^^^^^ 

detection means selectively outputting d^ ' ; 

30. The device as dairned in claim^23 wherein said sampling frequency ratio detection rheans check forW 
; Incidence or nbn-coincjdence between the new sampling frequency ratio over the shbirt pericxi and the 

new sampling frequency ratio over the long peribd within pre-set accuracy and selectively outputs the 
samplingfrequency ratio over the long period When the detected value over the long period coiricidiBS with 

V the detiected value over the short period, said sampling frequency detection means selectively outputttng 
. ' the sampling. frequency ratio over the short period whish' the det long period Is nbt 

coincldentwith thedetected valub over the short period. ; \ 

31. The device as claimed in claim 23 wherein said storage means record and reproduce data with the dif- 
ference, between the write address and the readout address being arbitrarily changed iand wherein said 
control means has. memory address control means for controlling' the readout from the storage nrteahs 
responsive to the sampling frequency ratio bjetweeh the sampling frequency of the input digital signal and 
said arbitrary samplingfrequency. , . : , j V ' . ' J : v 

32. A device for cqnVerting^ t^ of an input signal into ah arbitrary s^ frequency; 
■ " cdmprisihg.-^- 'V.'-^ - ^ \ ]'.-^, *' ^ 

storage means for storing the input signal with the difference'^betweeh the write address and the 

readout address being changed arbitrarily, 

interpolation means for Interpolating the signal, read out from said.storaie:n^^ 

memory address control means for controlling the readout from said storage meians responsive to 

the sampling frequency ratio between the sampling frequency of the input signal and the arbitrary sam- 
- pling frequency. . - - . ™ 

33. The device as daimed in daim 23 wherein said memory address control means has address difference 
detection means for detecting the difference between the write address and the readout address and ad- 
dress optimization control means for optimally controlling the address difference detected by said ad- 
dress difference detection means. 

34. The device as daimed in daim 23 wherein said address optimization control means of said memory ad-, 
dress control means generates readout addresses based on the absolute value of the address difference 

as detected by said address difference detection means.' 

35. A memory address control device for a ring buffer memory for recording and reproducing data, with the 
difference of the readout address being arbitrarily changed with respect to the write address, comprising 
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address difference detection means for detecting the difference between the write address and 
the readout address of the ring buffer memory, and 

readout address optimization control means for optimally controlling the readout address for con- 
trolling the address difference detected by said address difference detection means. 

5 

■ 36. The memory address control device as claimed in claim 34 wherein said readout address optimization 
control means generates the readout address based on the absolute value of the address difference as 
detected by said address difference detection means. 
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